This study aimed to find key factors influencing the decisions of farmers regarding the adoption of water-saving practices including the rice-controlling irrigation technique, drip irrigation under plastic film, and sprinkling irrigation in Heilongjiang Province, China. It was found that reliability of the water source and government promotion had very significant and positive associations with the probability of adoption. The number of household adults was a slightly significant factor that was positively associated with the probability of adoption. Risks of agricultural water-saving technologies, educational level of the respondents, soil texture, oil price, access to electric power, and access to labor were potential factors affecting the choice of agricultural water-saving technologies. Technical complexity, investment, water source, soil texture, oil price, and lack of electric power also impacted the adoption of these three agricultural water-saving technologies. These conclusions were obtained from a binary logistic model estimated from the results of a survey of 97 smallholder farmers from two typical cities in Heilongjiang Province. Finally, some recommendations are made to promoters of agricultural water-saving technologies.
Introduction
In late 2011, the Ministry of Finance, the Ministry of Water Resources, and the Ministry of Agriculture of China (Ministry of Finance, 2011) put forward a water-saving plan to increase grain production in the provinces of Heilongjiang, Jilin, Liaoning and Inner Mongolia from 2012 to 2015. The government plan was to develop a water-saving irrigation area of 2.53 million ha. Analysis of factors affecting the farmers' choice of agricultural water-saving technologies was necessary to improve the effectiveness of such technologies.
Factors affecting the choice of agricultural water-saving technologies can be divided into internal and external factors . Internal factors include farm household income (Caswell & Zilberman, 1985; Liu & Wang, 2010) , farm household income from the farm (Dinar, 1992; Liu & Wang, 2010) , crop structure (Green et al., 1996; Abdulai et al., 2011) , risk aversion of the farmer , quantity of farm household labor (Liu & Wang, 2010) , gender of farm household head (Doss & Morris, 2001; Liu & Wang, 2010) , age of farm household head (Liu & Chen, 2010) , number of years of education received by farm household head (Herath & Takeya, 2003; Li et al., 2010) , and social capital (Jara et al., 2012) . External factors include the cost of agricultural water-saving technologies (Abdulai et al., 2011) , degree of water scarcity (Liu et al., 2008) , water costs (Raffaele & Severini, 2009 ), type of water source (Caswell & Zilberman, 1985) , agricultural acreage (Liu & Wang, 2010; Jara et al., 2012) , quality of cultivated land (Green et al., 1996) , government support (Dinar, 1992; Li et al., 2010) , water storage problems and problems with destructive wildlife (Friedlander et al., 2013) .
The agricultural water-saving technologies studied include rice dry nursery seedlings, dry-wet alternate irrigation, low pressure pipe irrigation, drip irrigation, sprinkling irrigation, and so on. A literature search indicated that the comparative analysis of agricultural water-saving technologies is limited. In addition, there has been relatively little research in northeast China on the factors affecting farmers in their choice of agricultural water-saving technologies. Our goal was to analyze the factors affecting choice of agricultural water-saving technologies in Heilongjiang Province.
Sampling design and data
We investigated the promotion of agricultural water-saving technologies in several districts through Heilongjiang and Jilin Province in May 2012. We found that Suihua City in Heilongjiang Province was known for its promotion of a rice-controlling irrigation technique, and Daqing City in Heilongjiang Province was known for its promotion of drip irrigation under plastic film. So we chose Suihua City and Daqing City as study areas (Figure 1 ). Then we chose one or two counties in Suihua and Daqing City as survey areas. Qingan County of Suihua City, and Lindian County and Dorbod Mongol Autonomous County of Daqing City were selected as survey areas. The questionnaire was improved through a pre-survey, in which farmers were randomly selected in the survey areas in May 2012.
Data were collected through a survey of farmers carried out in August 2012. Representative samples were chosen using stratified random sampling. First, Qingan County was grouped according to water source (well and channel water, only well water, and only canal water). Secondly, one or two towns were selected randomly from areas with different water sources. Thirdly, one or two villages were selected randomly from one town. In the end, about five to nine households were selected randomly from one village. A representative sample of 74 rice farmers located in nine villages of five towns throughout Qingan County was selected. The representative samples of Daqing City were chosen using the same methods, but the survey areas of Daqing City were not grouped because the irrigation water in these areas came only from wells. A representative sample of 23 corn farmers located in four villages of four towns in Lindian County and Dorbod Mongol Autonomous County was selected.
For farmers with minimal education, we asked them questions according to the questionnaire and wrote down their answers in the interview. Farmers were asked 35 questions, which contain basic information of respondent and household, the water saving condition of the household, and condition of government promotion of water-saving technologies. The questions about the basic information of the respondent and household include personal characteristics of the respondent, quantity of household labor, and characteristics of cultivated land, crops and water source. Questions about the water saving condition of the household included if they have used the rice-controlling irrigation technique, drip irrigation under plastic film, or sprinkling irrigation, and the effect and disadvantages of water-saving technologies they use. The questions about condition of government promotion of water-saving technologies included if they accepted government guidance, what guidance they got from the government and their reasons for not choosing agricultural water-saving technologies. The degree of water scarcity was judged using precipitation data from the study areas. Mean values and standard deviations of mean values for the variables used in the analyses are shown in Table 1 .
Adoption model
Farmers in Qingan County faced the choice of using rice-controlling irrigation technique or not, while farmers in Daqing City faced the choice of using drip irrigation under plastic film or sprinkling irrigation, or neither of them. We expected that the decision to adopt water-saving technology is affected by the characteristics of the farmer, household resources, and government promotion. The adoption variable is a discrete dichotomous choice variable (a farmer is either a water-saving technology adopter or not). In the instances where the adoption variable is binary (0/1), logit and probit models are most commonly used to analyze technology adoption processes (Namara et al., 2007) . We have used a logistic model to analyze the adoption of water-saving technology for the logit regression model, derived from a logistic model.
The adoption model is specified as follows:
where P i denotes the probability that the ith farmer has adopted agricultural water-saving technologies (Y i ¼ 1), b 0 is the intercept, b i s are the slope parameters in the model, and X i s are the independent variables. The variables, their source, and rationale for inclusion in the models are described in Table 1 . Several respondent characteristics were included as covariates. Unlike many other studies, we used the characteristics of the respondent, rather than the characteristics of the household head. This allowed us to examine the behavior of other household members when the respondent was not the household head. Respondent status was also included as an explanatory variable, because cadres or party members were more likely to accept government promotion of agricultural water-saving technologies.
Resources constraining the uptake decisions were expected to include labor, land and water. Labor resources might constrain the adoption of labor-intensive techniques. Labor resources were represented by the number of household adults at home. We used number of household adults at home rather than number of household adults because some household adults were off-farm workers. Land resources might constrain the adoption of techniques requiring large areas of land. Land resources were represented by the total cultivated land area and the crop planting area. The crop planting area was represented by the rice planting area in Suihua City, and by the corn planting area in Daqing City.
Water resources were represented by the type of water source and the degree of water scarcity. Water source was divided into surface water and groundwater. About 20 households of the investigated households can only irrigate with surface water, and 51 households of those investigated can only irrigate with groundwater, while 26 households of those investigated can irrigate with surface water and groundwater. Caswell & Zilberman (1985) pointed out that farmers who applied groundwater were more likely to adopt sprinkler and drip technologies than were farmers who used surface water. Greater levels of water scarcity were expected to increase uptake of agricultural water-saving technologies (Liu et al., 2008) . The average annual rainfall for many years in Daqing City was 397 mm (Liu & Wen, 2012) , and the average annual rainfall for many years in Suihua City was 525 mm (Tong et al., 2007) . So, we judged that the water resources in Daqing City were scarcer than in Suihua City. Accordingly, the value of the degree of water scarcity was assigned 0 in Daqing City, whereas the value of the degree of water scarcity was assigned 1 in Suihua City.
Results and discussion

Binary logistic regression results
About 40.2% of households investigated used any of three agricultural water-saving technologies, and 32.4% of those investigated used the rice-controlling irrigation technique, while 65.2 and 30.4% of them used drip irrigation under plastic film and sprinkling irrigation. Most households used only one watersaving technology except for one household which used drip irrigation under plastic film and sprinkling irrigation.
We analyzed the data with binary logistic regression using IBM SPSS Statistics. The binary logistic regression results are shown in Table 2 , using variables for adopting any of the three agricultural watersaving technologies and for adopting one technology.
The results showed reasonable explanatory power with the percentage of overall correct predictions ranging from 75.0% in the case of adopting sprinkling irrigation to 90.6% in the case of adopting any of the three agricultural water-saving technologies. Number of household adults at home showed mixed results. It was slightly significant and positive for the adoption of any of three agricultural water-saving technologies, but it was not significant in other cases. Previous research showed that number of household adults was not significant for the adoption of agronomic techniques (Liu & Wang, 2010) . This might be related to different labor costs of agricultural water-saving technologies.
Water source had a highly significant and positive association with the adoption of the rice-controlling irrigation technique and adoption of any of the three agricultural water-saving technologies. This meant that farmers who apply groundwater were more likely to adopt agricultural water-saving technologies than were farmers who use surface water. Farmers who apply groundwater and surface water were more likely to adopt agricultural water-saving technologies than were farmers who use a single water source. Among the households adopting the rice-controlling irrigation technique, a greater proportion of households owned a highly reliable water source (Table 3) . This was likely related to the risk of water shortage after adopting the rice-controlling irrigation technique, which lowers or eliminates water storage in paddy fields to save water. So, the risk of water shortage increases if the water source is unreliable under the rice-controlling irrigation technique.
The acceptance of government promotions had a significant and positive association with the adoption of the rice-controlling irrigation technique and drip irrigation under plastic film. Acceptance of government promotions had a slightly significant and positive association with the adoption of any of the three agricultural water-saving technologies. Previous research also showed that extension contacts and government incentives were positively associated with the probability of adoption (Dinar, 1992; Li et al., 2010) . This indicated that government promotions in the study areas were generally effective. The government promotion of sprinkling irrigation was not analyzed because there was no government promotion of sprinkling irrigation in the study area.
Other explanatory variables lacked statistical significance. This could indicate that these variables do not affect the choice of agricultural water-saving technologies, or it could mean that these variables were not good indicators of the factors affecting the choice of agricultural water-saving technologies. Another possible reason for this result is that the sample sizes were too small.
Potential factors affecting choice of agricultural water-saving technologies
We noted some other factors affecting farmers' choice of agricultural water-saving technologies by asking the household respondents the reason for not choosing agricultural water-saving technologies ( Table 4 ). The factors were divided into the risks of agricultural water-saving technologies, government promotions, and resources. About 45.0% of household respondents were concerned about the risk of the rice-controlling irrigation technique, while a similar percentage (50.0%) of household respondents were concerned about the risk of drip irrigation under plastic film or the risk of sprinkling irrigation (Table 4 ). This indicated that the risk of agricultural water-saving technologies was the most important factor affecting choice of the rice-controlling irrigation technique and drip irrigation under plastic film. The risk aversion of farmers was important here. Government promotion was the second most important factor affecting the choice of the rice-controlling irrigation technique. Government promotions and resources had equal effects on the choice of drip irrigation under plastic film, whilst resources and risks of technologies had equal effects on the choice of sprinkling irrigation.
Risks of agricultural water-saving technologies.
The household respondents worried about weeding, reduced production, increased fertilizer costs, technical complexity, and increases in other labor costs in adopting rice-controlling irrigation techniques. The risk of technical complexity and increases in labor costs may come from the fact that soil water should be kept in a fixed area while using the rice-controlling irrigation technique. The household respondents worried about increased labor costs and high investment costs in adopting drip irrigation under plastic film or sprinkling irrigation (Table 4 ). Previous research showed that yield risk significantly influenced the adoption of new varieties (Shiyani et al., 2002) . Previous research also showed that relative investment, relative risk and relative complexity significantly influenced the speed and ceiling of adoption of dairy technologies (Batz et al., 2003) .
We divided these risks into economic costs, labor costs, and learning costs. Economic costs included reduced production, increased fertilizer cost, and investment in technology. Labor costs included weeding and other labor. Learning costs increased with technical complexity. The same percentage of household respondents (20%) worried about economic costs and labor costs in adopting the rice-controlling irrigation technique. About 37.5% of household respondents worried about economic costs, and 12.5% of the household respondents worried about labor costs in adopting drip irrigation under plastic film. The same percentage of household respondents (25%) worried about economic costs and labor costs in adopting sprinkling irrigation. About 5% of household respondents were concerned about learning costs in adopting the rice-controlling irrigation technique (Table 4 ). This indicated that among the risks of agricultural water-saving technologies influencing decisions, the economic cost of technology was the most important factor, and the labor cost of technology was the second most important factor. The importance of labor cost increased because the price of labor has increased greatly in China. Previous research has shown that the amount of education has a very significant and positive association with the adoption of technologies (Staal et al., 2003) . Given that farmers with a higher educational level should easily understand the agricultural water-saving technologies, the educational level of the respondents is a potential factor impacting the adoption of agricultural water-saving technologies.
We verified the risks of agricultural water-saving technologies by asking the farmers about the disadvantages of the technologies they used ( Table 5 ). All of the household respondents pointed out that weeding frequency increased after adopting the rice-controlling irrigation technique, which is often caused by the lower water storage in paddy fields after adopting the technique. However, the risks of reduced production, increased fertilizer costs, and technical complexity were not verified. This indicated that promotion of the rice-controlling irrigation technique was not sufficient to alleviate concerns about this technique.
About 70.6% of the household respondents pointed out that labor costs increased because of increases in irrigation frequency and field management time after adopting drip irrigation under plastic film. The rest of the household respondents indicated that energy costs increased after adopting drip irrigation under plastic film (Table 5 ). Drip irrigation under plastic film might increase field management time because of the work involved in the laying and recycling of plastic. The energy costs of agricultural water-saving technologies might influence choices. Yet, respondents did not point out the high investment cost of drip irrigation under plastic film because nearly all of the investment for such irrigation was provided by the government. About 42.9% of the household respondents pointed out that labor costs increased after adopting sprinkling irrigation. This resulted from the increased weeding frequency and additional work of extending the sprinkler riser. The sprinkler riser was not tall enough to irrigate the corn as it grew higher in autumn.
In conclusion, there is almost no economic cost for the rice-controlling irrigation technique. But, the economic cost of drip irrigation under plastic film and sprinkling irrigation is high. According to a report of the Daqing City government, the average investment cost of drip irrigation under plastic film is 1,490 US$/ha, which is calculated with average conversion rate of US dollar to Renminbi (CNY) in 2012 (1 US$ ¼ 6.3 CNY). The average investment cost of sprinkling irrigation is 206 US$/ha according to the responses of farmers. The investment cost of sprinkling irrigation is low because the sprinkling system is removable and the sprinkling equipment is crude. Drip irrigation under plastic film was mainly invested in by government, while the sprinkling system was mainly invested in by farmers in the research area. The labor cost of the rice-controlling irrigation technique, drip irrigation under plastic film and sprinkling irrigation is high, while the labor cost of sprinkling irrigation is highest because women or old men barely have the physical power to use it. The learning cost of the rice-controlling irrigation technique is highest, while the learning cost of sprinkling irrigation is lowest according to the responses of farmers.
4.2.2.
Benefits and application conditions of agricultural water-saving technologies. The field experiment showed that the quadrat yield of rice increased by 7.5%, and water use efficiency of rice in the quadrat increased by 52.5% after using the rice-controlling irrigation technique (Zhang et al., 2007) . The average maize yield is 15,000 kg/ha using drip irrigation under plastic film, while the average maize yield is 7,500 kg/ha using ordinary planting and irrigation, according to the report of Daqing City government. The farmers investigated pointed out that maize yield averagely increased by 1,500 kg/ha after using sprinkling irrigation. The amount of irrigation water used in drip irrigation under plastic film is half of that used in sprinkling irrigation according to the report of the Daqing City government. Liu et al. (2011) pointed out the adoptions of household-based technologies are higher due to their low capital requirement and easy adoption by the individual, while the adoptions of community-based technologies are lower for those community-based technologies characterized by higher requirements for capital and collective actions. The rice-controlling irrigation technique is a household-based technology, while drip irrigation under plastic film and sprinkling irrigation are community-based technologies. Sprinkling irrigation was found to be used by households, but drip irrigation under plastic film was found to only be used by communities, according to the field survey. This indicates that drip irrigation under plastic film is more reliant on collective actions than sprinkling irrigation.
The government of Heilongjiang Province planned to develop 666,600 ha of paddy field using the rice-controlling irrigation technique by 2015. The government of Daqing City planned to develop 54,300 ha of croplands using drip irrigation under plastic film and 37,100 ha of croplands using sprinkling irrigation by 2015. This indicates that these techniques are suitable for the research areas.
4.2.3. Government promotion. About 25% of household respondents lacked training in the ricecontrolling irrigation technique. About 5% of household respondents did not fully understand the rice-controlling irrigation technique, while about 25% of household respondents did not fully understand drip irrigation under plastic film (Table 4 ). This indicated that the government promotion of agricultural water-saving technologies in the study areas needs improvement. Farmers would better understand agricultural water-saving technologies through improved government promotion and training. Such programs could reduce concerns about agricultural water-saving technologies. Government subsidies can reduce the economic cost of technologies, which would allow the adoption of expensive agricultural water-saving technologies.
4.2.4. Resources. About 10% of household respondents pointed out that sandy soil constrained their adoption of the rice-controlling irrigation technique (Table 4 ). Sandy soils need frequent irrigation because of their low water-holding capacity. So, the water shortage risk of sandy soils was greater than for other soils under the rice-controlling irrigation technique. About 5% of household respondents pointed out that an unreliable water source constrained their adoption of the rice-controlling irrigation technique (Table 4 ). This result was in keeping with the binary logistic regression results (section 4.1). The same percentage of household respondents (12.5%) noted that the high price of oil and their lack of electric power constrained the adoption of drip irrigation under plastic film (Table 4 ). About 37.5% of household respondents indicated that a lack of electric power constrained the adoption of sprinkling irrigation, and about 12.5% of household respondents pointed out that high oil prices constrained their adoption of sprinkling irrigation. The difference stemmed from the fact that pumping water by oil power is more expensive than pumping water by electricity. The results indicated that soil texture, oil price and access to electric power were potential factors affecting the choice of agricultural watersaving technologies.
4.3. Policy implication for promotion of agricultural water-saving technologies 4.3.1. Factors with different impacts on the adoption of agricultural water-saving technologies. Some factors had different impacts on the adoption of the rice-controlling irrigation technique, drip irrigation under plastic film and sprinkling irrigation. The complexity of the rice-controlling irrigation technique was a concern, but the drip irrigation under plastic film and sprinkling irrigation did not raise such concerns. This indicated that the rice-controlling irrigation technique appeared to be more complicated than drip irrigation under plastic film and sprinkling irrigation. A detailed explanation was more important in promoting the rice-controlling irrigation technique than in promoting drip irrigation under plastic film and sprinkling irrigation.
Farmers worried about the high investment costs of drip irrigation under plastic film and sprinkling irrigation more than the investment costs of rice-controlling irrigation techniques. The rice-controlling irrigation technique did not require capital investment, whereas the drip irrigation under plastic film and sprinkling irrigation required high capital investment. This indicated that the government subsidy was more important in promoting drip irrigation under plastic film and sprinkling irrigation than in promoting the rice-controlling irrigation technique.
Water source and soil texture impacted the adoption of the rice-controlling irrigation technique rather than drip irrigation under plastic film and sprinkling irrigation. In the study areas, water sources for the rice-controlling irrigation technique included canal water, well water, or both, whereas well water was the only water source for drip irrigation under plastic film and sprinkling irrigation. The reliability and flexibility of canal water were lower than for well water. So, water source and soil texture were more important for the rice-controlling irrigation technique than drip irrigation under plastic film and sprinkling irrigation in the study areas. Caswell & Zilberman (1985) pointed out that reliability of the water source was also important for the adoption of sprinkling irrigation and drip irrigation when different types of water source were available. This indicated that investment in construction efforts to improve the reliability and flexibility of water sources is important. The improvements included a pumped well, pond, sluice, reservoir, and so on.
High oil prices and lack of electric power lines impacted the adoption of drip irrigation under plastic film and sprinkling irrigation, but not the rice-controlling irrigation technique. Farmland was irrigated by gravity with canal water, but was irrigated by pumping with well water. In addition, pumping water with oil power was more expensive than pumping water with electric power. Rice was mainly irrigated by gravity while corn was irrigated entirely by pumping. So, oil prices and electric power lines were more important for drip irrigation under plastic film and sprinkling irrigation than for the rice-controlling irrigation technique. This indicated that power line construction is more important in pumping irrigation areas than in gravity irrigation districts.
4.3.2.
Recommendations for promoters of agricultural water-saving technologies. Some recommendations for promoters of agricultural water-saving technologies are as follows: (1) pay more attention to the investment and labor costs of technologies in choosing suitable agricultural water-saving technologies to promote; (2) explain the application method of technologies in detail, especially for the more complicated agricultural water-saving technologies; (3) adequately subsidize farmers choosing expensive agricultural water-saving technologies; (4) invest in projects improving the reliability and flexibility of water sources; and (5) construct more electric power lines in farmlands, especially in areas with pumping irrigation.
Conclusions
First, the number of household adults at home had a slightly significant association with the probability of adopting any of the three agricultural water-saving technologies. Respondents' sex, age, level of education and status were not significantly associated with the probability of adopting various agricultural water-saving technologies. However, educational level of the respondent may have affected the adoption of agricultural water-saving technologies.
Second, water source was very significantly associated with the probability of adopting the rice-controlling irrigation technique and any of the three agricultural water-saving technologies after controlling for farmer characteristics and access to land and labor. Household respondents pointed out that unreliable water sources constrained their adoption of the rice-controlling irrigation technique. Soil texture, oil price, access to an electric power line, and access to labor were potential factors affecting choice of agricultural water-saving technologies.
Third, government promotion was significantly associated with the probability of adopting the ricecontrolling irrigation technique and drip irrigation under plastic film. Government promotion in the study areas was generally good, but there is room for improvement.
Fourth, the risks of agricultural water-saving technologies were important potential factors impacting the adoption of the technologies, though these factors have not been studied extensively. Farmers considered the economic cost, labor cost, and learning cost of technologies in choosing agricultural watersaving technologies. Among the risks of agricultural water-saving technologies, the economic cost of such technologies was the most important factor and the labor cost was the second most important factor impacting the adoption of the technologies. The water-saving feature of these technologies did not impact their adoption. Fifth, some factors had different impacts on the adoption of the rice-controlling irrigation technique, drip irrigation under plastic film, and sprinkling irrigation, which should be considered in the promotion of agricultural water-saving technologies. Technical complexity, unreliable water sources, and sandy soils constrained only the adoption of rice-controlling irrigation. The high investment cost, high oil price, and lack of electric power lines constrained the adoption of drip irrigation under plastic film and sprinkling irrigation.
The sample size of this research was small due to time restrictions. Some potential factors were not included in the adoption model because of sample size restrictions.
